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The present study aimed to investigate differences in vocal fold (VF) closure patterns in 
singers of varying genres with use of videostroboscopy. Three participants were selected 
to be in groups of different singing genres including classical, musical theatre, and 
pop/rock. A control group of non-singers were also included. Vocal tasks were assessed 
through acoustic, subjective, and stroboscopic analysis. 
Significant differences were observed between the classical group of singers and the 
pop/rock group. The VF closure patterns were relatively normal for the classical singers 
in comparison to the abnormal patterns in pop/rock singers. The musical theatre group 
had both normal and abnormal patterns. There was no significant differences between 
groups when analyzing the acoustic data through descriptive means. The acoustic data 
indicated all participants within relatively normal limits for the parameters assessed, 
except some inconsistencies with maximum phonation time (MPT). The subjective 
analysis showed differences between the classical and pop/rock groups in terms of vocal 
health and hygiene. The classical group showed the best vocal health and hygiene 
practices compared to the fair practices of the pop/rock group. 
The results between the classical and pop/rock group indicates that the lack of vocal 
training and competing with loud instrumentation in noisy environments may contribute 
to the recruitment of laryngeal musculature to achieve VF closure. These findings may 
indicate the need of vocal training and education in vocal health and hygiene for pop/rock 
singers. 
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NOMENCLATURE 
 
VF - vocal folds 
F0- fundamental frequency 
MPT- maximum phonation time 
Phonotrauma- excessive vocal abuse/misuse 


































Professional singers tend to be more prone to vocal injury or vocal fold (VF) 
pathology due to the demands of performance schedules. These demands include, but are 
not limited to: maximal endurance, increased stamina, wide frequency range, and 
projection of the voice.  The aim of this study is to investigate the nature of vocal fold 
closure among professional singers of different genres and non-singers.  
Physiology of Voice production 
The human vocal folds are located within the larynx (Figure 1.1) which is 
anatomically positioned at the levels of the cervical vertebrae 3 through 6 (C3 – C6) in 
adults. To produce phonation, the airstream passes between the two vocal folds that have 
come together. These folds are set into a vibratory pattern by the passing airstream 
(Figure 1.2). They vibrate at a speed ranging from approximately 100 to over 1000 times 
per second, Hertz depending on their length and thickness.   
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(From The Professional Voice Resource Guide: vocal nodules/nodes.) 
Figure 1.1 Laryngeal anatomy (aerial view)  
 
 
(From Hirano, M. & Bless, D., (1993) Videostroboscopic examination of the larynx.) 
Figure 1.2 Vocal folds set in motion by air stream from the lungs in aerial/front views 
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Parameters of the vocal folds viewed with stroboscopic examination 
The parameters the investigator evaluated with stroboscopy were the vocal fold 
margins and symmetry, mucosal wave, vocal fold closure pattern, amplitude and phase, 
periodicity or aperiodicity of the vocal fold vibrations, and the presence or lack of 
supraglottic hyperfunction seen with abnormal arytenoid and ventricular fold movement. 
These parameters were selected based on a stroboscopic assessment form developed by 
the University of Wisconsin Voice Clinic. 
Vocal fold margins and symmetry 
The vocal fold edges or phonating margins of the VF may vary from typical 
smooth and straight to rough and irregular. Symmetry refers to the degree to which each 
vocal fold move in synchrony with the other or each VF are mirror images of one 
another. Symmetrical vibration indicates that the folds have similar mechanical 
properties. This is evaluated during stroboscopy in terms of amplitude/horizontal 
excursion and timing patterns/phase. This cannot be seen with a laryngeal mirror or 
constant light endoscopy.  
Mucosal wave 
The vocal fold vibration has two vibratory movements. (1) The transverse 
movement of the muscular body and (2) the more vertical movement of the overlying 
layer. With stroboscopy it is possible to observe both the transverse opening and closing 
of the folds and the vertical sliding motion of the mucosal cover. This is called the 
mucosal wave. The mucosal wave is a critically revealing diagnostic phenomenon that 
can only be viewed stroboscopically. When evaluating the mucosal wave, the investigator 
is rating whether it is present and normal to absent. Normal means that the wave travels 
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approximately 50% across the upper fold when at the fundamental frequency. Lack of a 
mucosal wave can indicate stiffness or immobility. This can be an early sign of laryngeal 
carcinoma, cancer which originates in the mucosa. The area of decreased mucosal 
movement can often be specifically located. This is helpful for determining the site for 
taking biopsies. Stroboscopy can be helpful in differentiating superficial from deeply 
invasive carcinoma because of the difference in vibratory patterns and in selecting 
treatment. The effect of the nodule, or thickening on the mucosa can indicate the type of 
nodule e.g. fibrous nodule will diminish the mucosal wave more so than the edematous 
nodule. Fibrous nodules are less compressible during vibration. Compressible nodules 
respond to therapy much better than fibrous nodules.   
Vocal fold closure patterns 
 Vocal fold closure or glottal closure refers to the amount of closure between the 
VFs during the adducted phase of phonation. This closure is generally described as 
complete, incomplete, or inconsistent. The glottis is a term that defines the space between 
the vocal folds, and not the vocal folds themselves. Closure patterns are easy to see by 
pausing or locking to the fully adducted positions of the various adducted positions. 
Analysis of various closure patterns is helpful in diagnosing laryngeal pathology and is a 
standard measurement in laryngeal examination. In Figure 1.3 and Figure 1.4 seven 
common vocal fold closure patterns are pictured both in. These closure patterns or spatial 
characteristics of the VFs during phonation are what will be assessed using stroboscopy 
in this investigation.  
Pictured in Figure 1.3 (1) and Figure 1.4 (D) is the complete closure pattern in 
which the VF fully adduct without any glottic spaces or gaps. This closure is considered 
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optimal and normal in males during habitual phonation in the modal register, the vocal 
register between vocal fry and falsetto registration and is used most frequently for speech 
and singing. In picture 5 of Figure 1.3 and Figure 1.4 (C) is the posterior chink or gap 
pattern, in which there is a small glottic gap (triangular in appearance) in the arytenoid 
space and/or into the posterior aspects of the VF. This closure is common in females and 
is considered to be a normal vocal fold closure pattern. Pictured in Figure 1.3 (7) and 
Figure 1.4 (B) is the incomplete closure pattern, in which the VFs do not fully adduct 
along its length. In this pattern the VF margins are smooth in appearance. Incomplete 
closure is a common pattern detected during falsetto vocal tasks. It is generally 
considered to be a normal closure pattern for singers during high range phonatory tasks, 
however if it occurs during all registers including modal register this can indicate 
abnormality and hyperfunctional dysphonia. 
Picture 2 in Figure 1.3 and Figure 1.4 (E) shows the abnormal pattern of anterior 
chink, in which a small glottic gap is seen anteriorly during VF adduction. This closure 
pattern can indicate vocal nodules or other VF pathology. In Figure 1.3 picture 3 and 
Figure 1.4 (G) is the irregular closure pattern in which the VFs do not adduct along the 
length of the VFs during adduction due to the VF margins being irregular and 
rough/bumpy. The vocal folds are not smooth and straight in appearance and cannot 
complete closure due to the irregular and rough VF margins. The irregular pattern is 
abnormal and can be indicative of laryngeal cancer or other VF pathology. Pictured in 
Figure 1.3 (4) and Figure 1.4 (A) is the bowing or spindle pattern in which the VF adduct 
in the anterior and posterior aspects, but bow outward from midline in the medial aspects 
leaving a glottic space. The spindle pattern is an abnormal closure pattern most 
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commonly seen with hypofunctional dysphonia. Pictured in Figure 1.3 (6) and Figure 1.4 
(F) is the hourglass pattern in which the VF closure only occurs at one point usually in 
the medial to the anterior third of the VF, however does not adduct above or below this 
point. This type of VF closure is considered abnormal and is associated with bilateral 
vocal nodule pathology being present. Not pictured is the abnormal closure pattern of no 
closure where the VFs do not adduct at all during phonation as in the case of VF 
paralysis, this would look similar to VFs in the abducted position.  
 
(From University of Wisconsin Voice Clinic stroboscopic assessment form) 
Figure 1.3 Assessment of glottic closure patterns: 1. complete, 2. anterior chink, 3. 
irregular, 4. bowing, 5. posterior chink, 6. hourglass, and 7. incomplete [from left to 
right]. 
 
(From Hapner, E., 2016). 
Figure 1.4 Common vocal fold closure patterns:  A: spindle, B: incomplete, C: posterior 
glottal chink/gap, D: complete closure, E: anterior glottal gap, F: hourglass, G: irregular.  
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Amplitude and phase symmetry 
The amplitude is the extent of movement of the muscular body of the VF in the 
lateral plane. This lateral/horizontal excursion of the vocal folds is directly assessed 
during stroboscopy. In normal conditions the horizontal excursion of the VF 
approximates one half the width of the visible part of the VF (Figure 1.5). Stiffer VFs, 
raised pitch of phonation, and increased mass will reduce amplitude. The amplitude 
increases with the increase of loudness of phonation. During examination the clinician 
states whether the amplitude is normal to diminished to absent (this refers to maximum 
excursion of the vocal folds during phonation). 
The phase pattern is the average timing of the closed/adducted phase in relation to 
the entire glottic cycle (Figure 1.5). In normal symmetrical phase patterns the timing of 
the abducted/open phase and adducted/closed phase is almost identical. In 
hyperadduction cases, the closed phase dominates. In breathy or whispered voice the 
open phase dominates. Reduction in time or extent of the closed phase may be a subtle 
finding in early or mild spasmodic dysphonia.   
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(From Abou-Elsaad, T., 2007). 
Figure 1.5 Amplitude and phase patterns: (a) normal amplitude and timing/phase; (b) 




Periodicity is the measurement of stability and regularity of vocal fold vibration, 
conversely aperiodicity is the measurement of instability or irregularity of the vocal fold 
vibration (Figure 1.6). The extent of aperiodicity can be viewed indirectly because under 
the locked mode normal periodic vibration appears frozen on the screen while aperiodic 
vibration will show movement. Acoustic measurement can then objectify this 
aperiodicity and compare it to normative data. The periodicity can be rated by the 
investigator as regular to always irregular. There should be regular, rhythmic, metronome 
type oscillation of the folds. 
    9 
  
(From Abou-Elsaad, T., 2007). 
Figure 1.6 Periodic vibrations: (a) normal periodic vibrations; (b) aperiodic in phase; (c) 
aperiodic in amplitude; (d) aperiodic in both amplitude and phase 
 
Arytenoid and ventricular fold movement 
Arytenoid movement can be clearly seen endoscopically, the investigator watches 
for normal to poor movement. The arytenoids should move symmetrically, both during 
adduction and abduction.  When viewing the ventricular fold the clinician is looking at 
normal to full compression. During phonation, the ventricular folds (or false folds) should 
be relatively immobile and apart. The investigator will also look for hyper or 
hypofunction during stroboscopy to help substantiate an evaluation of laryngeal paresis 
and allows the clinician to follow its course. Sulcus vocalis, or a thinning of the 
superficial lamina propria layer of the mucosa, and intracordal cysts are often 
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misdiagnosed when stroboscopy is not used. The clinician will state whether 
hyperfunction is not present to always present. This is done by watching the supraglottic 
structures in particular for anterior-posterior compression as well as lateral-medial 
compression of the larynx.  
 
The Professional Voice 
According to Petty (2013), experts use the term “professional voice users” to 
denote the segment of the population for whom the voice is used as a primary tool of 
their occupation. In the United States, this term applies to a staggering 25–35% of the 
national workforce. A study by Higgins & Smith (2012) researched the demands of the 
professional voice user.  This study examined the prevalence of voice disorders among 
university teaching faculty.  Of the 100 participants, 45 reported vocal difficulties that 
were substantial enough to interfere with normal communication. Symptoms were 
consistent with phonotrauma, including increased effort, hoarseness, decreased loudness, 
and vocal discomfort. Demographic and health/behavioral risk factors (e.g., age, gender, 
allergies, acid reflux, use of tobacco/alcohol) had little apparent effect on the prevalence 
of a voice disorder. The results suggest that the demands of teaching, and not other 
demographic and behavioral factors, underlie voice disorder for the faculty. 
Professional singers are a highly visible and specialized cohort within the 
population of professional voice users and can present an unusual, but not 
insurmountable challenge for physicians and speech-language pathologists charged with 
their voice care. Singers place unique demands on their vocal mechanisms in terms of 
frequency range, amplitude control, acoustic variation, and overall vocal stamina. 
    11 
According to Petty (2013) the risk of injury associated with these demands varies in 
terms of musical styles and pedagogic traditions, and issues such as general health status, 
environmental factors, and other influences may affect these risks. Singers may be 
significantly impaired by subtle laryngeal changes that might be considered to be within 
the normal range of variability in the general population. Conversely, the well-trained 
singer also will possess a high level of neuromuscular laryngeal control that may lessen 
(or even eliminate) audible symptoms of some laryngeal pathologies. Therefore, it is 
imperative that singers seek out medical care that is experienced and sensitive to their 
vocal demands.   
Studies researching the professional voice user, and more specifically the 
professional singer have been limited, especially in the medical professionals 
understanding of the voice as an instrument. Over the last decade the Journal of Voice is 
the largest publisher of this type of research into the demands and differences of being a 
professional singer. Mainstream media and professional singers are starting to speak out 
about these demands and their vocal fold pathologies or dysfunction, surgeries, and/or 
treatment. According to Moyer (2015). Julie Andrews, the British musical theatre singer, 
had vocal fold surgery to remove non-cancerous vocal fold nodules also known 
commonly as “singer’s nodules” in 1997, but she did not speak out about the matter until 
her lawsuit for alleged malpractice over the surgery became common knowledge in the 
mainstream media. She suffered what so many singers fear from the laymen terms “throat 
surgery”, which was damage to her vocal folds leaving her unable to sing professionally. 
It was not until Adele, the British pop singer, spoke out about her vocal fold hemorrhage, 
vocal fold polyp, surgery, and treatment in 2012 in a CBS News: 60 minutes interview 
    12 
with Anderson Cooper that awareness came to the public light about the rigors that come 
with the title “professional singer”. Intensive training is involved for students of the 
classical singing genre that includes being taught about vocal health and hygiene for 
prevention of phonotrauma. They are trained much like athletes are trained to utilize their 
musculature, however just like athletes even trained singers using prevention strategies 
can still suffer injuries.  
When a professional singer suffers vocal fold pathologies they require 
otolaryngologists and speech-language pathologists who understand the rigors, demand, 
and the lifestyle of the professional singer for the best results and treatment. The research 
coming from the perspective of a speech-language pathologist working with the 
professional voice user is quite limited. This investigation aims to bridge this gap to 
inform and educate the speech-language pathologist about the unique needs and 
characteristics of the professional singer and conversely to assure the professional singer 




The purpose of the study is to investigate differences in vocal fold closure 
patterns with special interest to the posterior aspects of the laryngeal structures, 
ventricular folds, and true vocal folds in singers of varying genres with use of 
videostroboscopy. While this study will not directly benefit participants, the data 
collected in this study will further inform otolaryngologists and speech-language 
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pathologists that work with professional voice users from various genres in both 
diagnosis and treatment of voice disorders and dysfunction. 
This investigation aims to answer: 
1. Are there differences between vocal fold closure patterns between singers in 
general and non-singers?  
2. Are there differences between vocal fold closure patterns between the three 
different genres of singing selected for this study? 
3. Does classical training lend itself to healthier vocalization and more consistent 
vocal fold closure pattern than those of mainstream/popular singing genres? 
 
Literature review 
A study conducted by Amarante Andrade (2011) researched the laryngeal 
elevation or excursion’s effect on the vocal fold vibratory pattern. He examined the first 
vocal register transition in males, or passaggio in classically trained singing terminology 
in terms of laryngeal excursion and the change of VF vibratory patterns. This register 
transition is characterized by changes in the vocal tract resonance and configuration 
around middle C region (261.62 Hz) in male singers. Many singers agree feeling a 
change that occurs at the level of the vocal folds to aid the demand of switching into 
higher frequencies. However, although many singers explore this transitional mechanism 
physically through sensation, little is known about its precise physiology and its 
coordination with laryngeal excursion. The study’s objective was to describe the 
implications of the vocal tract readjustment and the vocal fold vibratory pattern during 
the register transition.  
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A sampling of 11 classically trained male singers between the ages of 26 to 42 
participated in this study. Each singer had experience varying in range of 6 to 25 years. 
Each participant was asked to perform an ascending scale up through the passaggio to a 
few notes above middle C while maintaining a consistent vocal tract configuration. Each 
was asked to sustain the very last note of the scale without changing of vocal tract 
configuration, hence violating the normal register transition of their classical vocal 
training. Subsequently, they were asked to repeat the ascending scale and hold the last 
note with their traditional configuration of the vocal tract and allow for the configuration 
to change as they have trained. The data was collected with an electroglottography 
device.  
The results show a significant difference of scores for the formants transition, 
VFCA, and vocal tract length suggesting that the larynx lowers above the passaggio. This 
displacement of the larynx is associated with changes on the vocal folds vibratory pattern. 
This vibratory pattern change is thought to affect the thyroarytenoid muscles from 
isotonic contraction to isometric contraction. 
The study by Amarante Andrade serves a good basis for further studies including 
this current investigation. However, it only consists of the classical vocal genre and 
samples only male singers. The current investigation will encompass groups from the 
varying vocal genres of classical, pop/rock, and musical theatre of both genders. A 
control group of non-singers was investigated in comparison to the singer groups. This 
investigation compares data from objective and subjective vocal analyses and 
videostroboscopy.  
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The study by Dippold, Voigt, Richter, & Echternach (2015) features two groups 
of singers, both trained, one in jazz and one in classical. This study uses aerodynamic 
measures similar to this current study, but does not feature usage of stroboscopy for 
laryngeal imaging, which is used clinically as standard instrumentation for visual 
analysis. This study like Amarante Andrade’s study also only sampled male participants 
instead of both genders. 
Dippold et al. researched the register transitions in different singing styles such as 
classical and jazz trained voices. He found there was little data available prior to his study 
on the subject. Differences between registers seem to be much more audible in jazz 
singing than classical singing, so it was hypothesized that classically trained singers 
exhibit a smoother register transition due more regular vocal fold oscillation patterns than 
jazz singers. High-speed digital imaging (HSDI) was used for 19 male singers (10 jazz-
trained, 9 classically trained) who performed a glissando from modal to falsetto register 
across the register transition. Vocal fold oscillation patterns were analyzed in terms of 
different parameters of regularity such as relative average perturbation (RAP), correlation 
dimension (D2) and shimmer. The results from the HSDI observation showed more 
regular vocal fold oscillation patterns during the register transition for the classically 
trained singers. Additionally, the RAP and D2 values were generally lower and more 
consistent for the classically trained singers compared to the jazz singers. However, 
intergroup comparisons showed no statistically significant differences. In conclusion, 
some of the results found in this study may support the hypothesis that classically trained 
singers exhibit a smoother register transition from modal to falsetto register.  
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Guzman, Lanas, Olavarria, Azocar, Muñoz, Madrid, Monsalve, Martinez, Vargas, 
Cortez, & Mayerhoff (2015) study aims to assess three different styles of singing with 
laryngoscopic, acoustic, and perceptual analysis in healthy singers. The styles assessed 
were all considered non-classical styles and included pop, rock, and jazz. Guzman et al. 
paid special attention to the degree of anterior-posterior (A-P) laryngeal compression, 
medial laryngeal compression, vertical laryngeal position (VLP), and pharyngeal 
compression. Twelve trained female singers with at least 5 years of voice training were 
included. Flexible and rigid laryngeal endoscopic examinations were performed. Voice 
recordings were collected and four judges, who were blindfolded during the auditory 
perception evaluation, assessed auditory perceptual and laryngoscopic variables using a 
visual analog scale. Results showed significant differences for all three singing styles, 
however rock music seemed to have the highest degree of both laryngeal and pharyngeal 
activity in healthy singers.  
Some gaps in this study by Guzman are the fact the researchers recruited only 
female singers with a limited age range of 25 to 31 years. This does not show what 
differences if any exist between male and female singers nor the differences of a wider 
age range of adults. This study also only researched non-classical singing styles without 
making it more comprehensive and utilizing both classical or more variance in styles. 
 
Hypothesis and solution  
The laryngeal structure and function, specifically in the posterior aspects of the 
vocal folds, ventricular folds, glottis closure, and arytenoid musculature, differ in 
professional singers of varying styles when compared to each other and to typical non-
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singing adults. Classical vocal training will show more consistency in vocal fold closure 
patterns when compared to the mainstream popular singing genres. Classical vocal 
training leads to a decrease in voice disorders and vocal fold pathologies, secondary to 
more consistency in vocal fold closure patterns, less pharyngeal and laryngeal 
constriction in vocal fold closure, and increase in knowledge of vocal health and hygiene 
to prevent voice disorders. 
This investigation will visualize and evaluate the laryngeal structures in 
professional singers and non-singers during vocal tasks. Singers of classical/operatic, 
musical theatre, and pop/rock genres will be compared to one another as well as 
compared to non-singers. The data collected will be from questionnaires focusing on 
participant’s vocal health, habits, and hygiene, aerodynamic measures using Praat™ 
software, and instrumental measures using videostroboscopy for visual examination. 
Each participant will perform a set of vocal tasks to evaluate the vocal folds in motion 



















IRB Approval and Consent Form 
 The investigation, materials, and procedures for this study were approved by the 
Institutional Review Board (IRB) of Cleveland State University. The investigator 
recruited, screened, and collected data for all participants. All data were collected in the 
voice lab of the Cleveland State University Speech and Hearing Clinic. Informed consent 
was obtained from each participant after he or she received a detailed explanation of the 
nature of the study (Appendix B).  
 
Participant Selection  
Participants were recruited from the community by word of mouth through the 
student investigator. The student investigator used personal ties as a professional singer 
herself and from her years teaching voice professionally. Participants included 
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professional singers of the varying styles: classical/opera, rock/pop, and musical theatre. 
A control group of non-singers from varying professions was also included. The non-
singers selected are adults from varying professions and ages. The ages of the participants 
ranged from 21 years of age through 36. A total of three participants were recruited for 
each group in the study and each group was matched closely for age and gender. 
Participation in this study included one sixty- minute session at Cleveland State 
University’s voice lab located at the Center for Innovation in Medical Professions 
(CIMP). The entire period of data collection combined for all participants was 
approximately three months. 
 To meet the inclusionary criteria, participants had to be 18 years or older. Gender 
and race were not a factor. All singers in the study had to have a minimum of two years 
of performing experience in their particular vocal genre investigated. Singers and non-
singers must not have had any diagnosis of VF pathology at the time of the data 
collection or respiratory/sinus infections affecting laryngeal health at the time of the data 
collection. Additionally, anyone allergic to Novocain was not included in the study as 
lidocaine, a light topical spray would be used in the event of an active gag reflex during 
examination. This allergy was determined through a brief screening tool administered to 
each participant (Appendix C). 
 Other exclusionary criteria included any participants who were cognitively 
impaired or whose life circumstances may interfere with their ability to make a free 
choice in consenting to take part in research. Non-English speaking individuals were 
excluded from participating due to instructions and consent given in English. There were 
no financial incentives for participation. 
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Objective Vocal Analysis 
 The following quantitative measures were collected on each participant using the 
Praat™: fundamental frequency, jitter, shimmer, and voice breaks. The Praat™ is a 
computer software program that measures, stores, and creates spectrograms, or a visual 
representation of the spectrum of frequencies in a sound as they vary with time or some 
other variable, of vocal information recorded. The above-mentioned parameters have 
been extensively researched and validated as adequate objective measures of vocal 
quality. They are routinely used by specialists in the field as diagnostic tools. 
Abnormalities within these parameters are potential signs of dysphonia or dysfunction 
(Lourenco, Costa, & Filho, 2014). The participant is positioned approximately twelve 
inches from the computer’s built-in microphone while instructed (Appendix A) to 
vocalize different vocal tasks. After recording and saving the sound samples for each 
vocal task the program provides audiovisual analysis of the sound wave in the form of a 
spectrogram in real time. 
 This program will allow the investigator to retrieve the fundamental frequency 
(F0) or mean frequency. It is the frequency of vocal fold vibration and correlates with 
changes in vocal fold tension and subglottal air pressure. The program provides the mean, 
maximum, and minimum pitch values which are the perceptual correlate to frequency. It 
measures the perturbation, which refers to a small, temporary change in the vocal system. 
One type of perturbation it measures is amplitude perturbation also known as shimmer, 
which measures the percentage of irregularity in the amplitude of the vocal note.  In 
essence, shimmer measures the variability in the intensity of adjacent vibratory cycles of 
the vocal folds. The other measure is pitch perturbation or jitter, which refers to the 
    21 
minute involuntary variations in the frequency of adjacent vibratory cycles of the vocal 
folds.  In other words, it is a measurement of frequency variability in comparison to the 
participant’s F0. The last parameter that will be measured is vocal breaks, which show 
inconsistencies in the movement through the vocal register transition or passaggio. 
 Maximum phonation time were collected by the student investigator. To measure 
MPT, the investigator instructed the participant to produce the open vowel “ah” sustained 
for as long as possible on one breath while being timed. The timer was stopped and time 
recorded when the participant’s voice began to waiver. Three trials were completed and 
the average of the times were reported for analysis. 
 
Videostroboscopy 
 KayPentax Rhino-Laryngeal Stroboscope™ model RLS 9100B was used to 
conduct videostroboscopy in order to complete a visual examination of the vocal folds. 
Videostroboscopy is a routine procedure used by otolaryngologists and speech-language 
pathologists as a tool for assessment of vocal fold damage, dysfunction, and vocal fold 
oscillation. A rigid endoscope attached to a camera from the videostroboscopy instrument 
was placed at the base of the tongue in the oral cavity while the participant was instructed 
(Appendix A) to vocalize different vocal tasks. It uses a synchronized, flashing light 
passed through a rigid telescope. The equipment in turn saved and analyzed data obtained 
with audiovisual recording for each participant. The investigator directly observed the 
participants’ laryngeal structures, as well as the vocal fold parameters.  
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Subjective Vocal Analysis 
Each participant filled out a brief screening tool to assess whether the participant 
meets the inclusionary criteria to be a part of the investigation. They were administered a 
vocal evaluation form (Appendix D) in which each participant assessed their own vocal 
habits, health, and hygiene prior to the administration of the instrumental evaluations. 
Each questionnaire is identical for all participants including non-singers, however there is 

































This investigation into patterns of VF closure yielded results from stroboscopic 
assessment, acoustic analysis, and self-assessment of vocal health, habits, and hygiene. 
The results were analyzed in a descriptive manner between the recordings of stroboscopy 
compared to acoustic data. The self-assessment questionnaire was used to gauge the 
participant’s vocal health habits and hygiene and if there was any correlation to the 
















Figure 3.1 Classical/Opera male participant age 25                                                                   
Top: abducted views; bottom: adducted views 
 
 
Figure 3. 1 presents stills from the stroboscopic examination of classical/opera 
male participant age 25. The VFs appearance and color were normal, but presented with a 
slight irregularity of bowing from midline seen in picture B of Figure 3.1. The VF closure 
pattern was the spindle pattern as indicated in the bottom photograph D in Figure 3.1. 
The bowing pattern occurred at the same VF position as the irregularity noted above. 
This pattern is considered abnormal and can indicate hypofunctional dysphonia. There 
was some discoloration noted where the arytenoids compress during VF adduction, 
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indicated in the abducted view (Figure 3.1 A). This discoloration can be typical in 
professional voice users and can indicate phonotrauma from extended periods of vocal 
use. The right arytenoid was larger in size than the left arytenoid and there was 
asymmetry in arytenoid compression past midline during phonation seen in Figure 3.1 C, 
this was indicative of supraglottic hyperfunction. There was arytenoid compression from 
the posterior (pharyngeal wall) to anterior (epiglottis) observed during low range and 
glissandi vocal tasks. The mucosal wave was present in the anterior aspects, but in the 
area of bowing the mucosal wave was not present. Phase closure and symmetry was 
normal in the modal vocal tasks, however timing became slightly irregular with low 
range and glissandi vocal tasks. Amplitude appeared regular throughout vocal tasks. 
Periodicity was regular in most vocal tasks, however slight aperiodicity in timing was 
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Figure 3.2 Classical/opera female participant age 26 
Top left: abducted view; top right: adducted view; bottom: adducted views 
 
In Figure 3.2 female participant age 26 had VF within normal limits in color and 
appearance, with a slight irregularity in the VF margin indicated in Figure 3.2 A. The VF 
closure pattern observed throughout all vocal tasks was a slight incomplete pattern 
indicated in Figure 3.2 C & D and a slight posterior chink indicated by arrows in Figure 
3.2 B & C. The posterior chink is considered a normal pattern of closure, especially in 
women. The incompletion to the pattern is slight, however may indicate minimal 
abnormality and hyperfunctional dysphonia. However, the participant’s vocal quality did 
not display the symptom of breathiness common to dysphonia. Mucosal wave was 
present during examination, however slightly decreased in the glissando ascending and 
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high range vocal tasks. Phase closure is slightly hyper-adducted and phase symmetry is 
slightly irregular. There was a slightly diminished amplitude in the right VF and normal 
amplitude in left VF (see figure 1.5 D). Noted slight irregularity or aperiodicity in timing 
and amplitude noted throughout most vocal tasks (see figure 1.6 D). Arytenoids appear 
symmetrical in movement and the ventricular folds remained relatively immobile and 
apart, which is typical. Slight supraglottic hyperfunction noted with laryngeal 




Figure 3.3 Classical/gospel male participant age 28 
Top left: VF abducted view; top right: adducted view; bottom: adducted views 
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In Figure 3.3 male participant age 28 had abnormality in VF color and 
appearance. The VF margins showed irregularity and roughness and there was vascularity 
and edema noted on arytenoids and ventricular folds indicated in Figure 3.3 A. The VF 
closure pattern observed was posterior chink seen in Figure 3.3 C and hourglass pattern 
in Figure 3.3 D. The contact point of the hourglass pattern is indicated by the arrow in 
Figure 3.3 D. The hourglass pattern is among abnormal VF closure patterns and indicates 
possible VF nodules or other VF pathology.  During all vocal tasks there was asymmetry 
in arytenoid movement, in which the left arytenoid is larger in size and the right arytenoid 
compresses past midline (Figure 3.3 B). The arytenoids compressed in posterior to 
anterior movement (Figure 3.3 C) and ventricular folds compression was observed 
indicating supraglottic hyperfunction. The mucosal wave is present in the right vocal 
fold, however stiffness was noted in the left vocal fold causing a diminished mucosal 
wave.  The amplitude was asymmetrical and reduced due to stiffness noted in the left VF 
(Figure 1.5 D). The phase symmetry and closure was irregular. The vocal fold vibration 
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Musical Theatre Participants 
 
 
Figure 3.4 Musical Theatre female participant age 21 
Top left: abducted view; top right: adducted view; bottom: adducted view 
 
In Figure 3.4 female participant age 21 had VFs normal in color, however 
abnormalities were noted with the VF margins bilaterally. These abnormalities appeared 
to be small anterior bilateral bumps or nodules circled in Figure 3.4 A and B.  The VF 
closure pattern was abnormal presenting with an hourglass pattern (Figure 3.4 C and D), 
which is a commonly indicative of vocal nodules. The participant’s vocal quality in the 
high range vocal tasks was breathy and aphonic phonatory onsets were observed. The 
mucosal wave was irregular and diminished along the vertical plane of the VF, especially 
in the anterior portion of the left VF. The phase is irregular throughout vocal tasks 
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especially in high range vocal tasks, however timing was more regular in the middle 
range. The left VF appears slightly wider due to slight stiffness present. The amplitude 
was reduced and asymmetrical with irregular phase patterns (Figure 1.5 D). The vocal 
fold vibration was aperiodic in both amplitude and phase (Figure 1.6 D). Supraglottic 
hyperfunction noted with asymmetrical arytenoid compression past midline (Figure 3.4 




Figure 3.5 Musical Theatre male participant age 26 
Top: abducted view; bottom: adducted views 
 
In Figure 3.5 male participant age 26 were abnormal in color and appearance 
(Figure 3.5 A-B). The VF margins were rough and slightly bowed in the posterior aspects 
    31 
of the VF indicated with an arrow in Figure 3.5 A. During all phonation tasks, the 
participant’s VF pattern of glottal closure was within normal limits with a posterior chink 
pattern indicated in Figure 3.5 D. Slight asymmetry in arytenoid movement and size was 
observed, the right arytenoid is larger in size and compresses past midline (Figure 3.5 C). 
Arytenoid compression from posterior pharynx to anterior (towards the epiglottis) was 
observed indicating supraglottic hyperfunction, however no ventricular fold involvement 
observed. The mucosal wave was diminished and irregular in all vocal tasks especially at 
the horizontal axis, decreasing with high range vocal tasks. The amplitude was slightly 
reduced due to stiffness especially during high range tasks (Figure 1.5 D). The phase 
pattern was irregular throughout vocal tasks, increasing in irregularity in the glissandi 
tasks. During middle range modal vocal tasks it was observed that amplitude and phase 
were more regular and periodic. The vocal fold vibration with all other vocal tasks was 
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Figure 3.6 Musical Theatre female participant age 36 
Top left: abducted view; top right: adducted view; bottom: adducted views 
 
In Figure 3.6 female participant age 36 were abnormal in color and appearance 
(Figure 3.6 A). The VF closure pattern was abnormal with irregularity in closure patterns 
between different vocal tasks. In Figure 3.6 B the VF closure appeared to be an hourglass 
pattern, however in Figure 3.6 C the patterns appeared as posterior chink and Figure 3.6 
D appeared incomplete. The hourglass pattern is an abnormal pattern, while posterior 
chink and incomplete tend to be within normal limits. However, this participant has had 
VF pathology in the past and surgical removal of bilateral VF nodules in 2013. This may 
be the cause of the variety of abnormalities in VF closure patterns and not be a concern 
for further VF pathology. There was slight arytenoid asymmetry observed in the left VF 
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past midline indicative of a slight supraglottic hyper-functionality seen in Figure 3.6 B 
pointed out by an arrow.  The mucosal wave was diminished and irregular in all vocal 
tasks especially along the vertical axis. The amplitude was reduced due to stiffness in the 
left VF during high range tasks and glissandi. The phase pattern was irregular throughout 
vocal tasks, increasing in irregularity in the glissandi tasks (Figure 1.5 D). The vocal fold 




Figure 3.7 Pop/Rock female participant age 21 
Top: abducted VF view; Bottom: adducted VF view 
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In Figure 3.7 female participant age 21 VF color and appearance were normal, 
however some secretions or a small bump noticed unilaterally on the anterior portion of 
the right VF circled in Figure 3.7 A. There were secretions or small bumps observed on 
the tracheal walls when VFs were abducted (indicated in Figure 3.7 B). The VF closure 
pattern was posterior chink indicated in Figure 3.7 C and D which is considered within 
normal limits for VF closure pattern. However, the participant’s vocal quality was 
breathy in high range vocal tasks so this could be of concern, but also may be due to this 
glottal gap posteriorly. There was severe ventricular fold compression noted in the low 
range, indicating slight supraglottic hyperfunction. The arytenoid movement appeared to 
be mostly symmetrical. The mucosal wave was present both horizontally and vertically, 
however not present at the point of posterior chink. The amplitude was decreased and 
asymmetrical in the right VF throughout vocal tasks and phase pattern slightly irregular 
(Figure 1.5 D). The right VF was asymmetric when compared to the left VF in both 
abducted (Figure 3.7 A) and adducted positions. The VF vibration was aperiodic in 
timing and amplitude (Figure 1.6 D). 
 
 
    35 
 
 
Figure 3.8 Pop/Rock male participant age 29 
Top: abducted VF; Bottom: adducted VF 
 
In Figure 3.8 male participant age 29 had abnormalities in VF color, appearance, 
and VF margins. There were small white bumps or secretions noted  in three spots 
bilaterally along the VF indicated by arrows in Figure 3.8 B. There was vascularity on the 
arytenoids and the posterior aspects of the VF (Figure 3.8 A). The VF closure pattern was 
abnormal throughout the vocal tasks. In the modal register was an anterior chink pattern 
(Figure 3.8 C), however in falsetto vocal tasks an hourglass pattern was observed (Figure 
3.8 D).  There was right arytenoid asymmetry in compression past midline indicating 
supraglottic hyperfunction, however there was no ventricular fold movement involvement 
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observed. The mucosal wave was present in the low range, however diminished in the 
high range. The amplitude was mostly regular throughout vocal tasks, however the phase 
pattern was irregular (Figure 1.5 C). The VF vibration was aperiodic in timing (Figure 




Figure 3.9 Pop/Rock male participant age 34 
Top left: abducted view; top right: adducted view; bottom: adducted views 
 
In Figure 3.8 male participant age 34 VFs were abnormal in color and appearance 
with roughness and irregularity along the VF margins indicated with arrows in Figure 3.9 
A. Vascularity and edema noted on the posterior aspects of the VF, the right arytenoid, 
and ventricular folds (Figure 3.9 A). The VF closure pattern was posterior chink (Figure 
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3.9 C) which is within normal limits for VF closure patterns, however during falsetto 
vocal tasks an hourglass closure pattern was observed (Figure 3.9 B and D) which is 
considered an abnormal pattern. The closure point was in the posterior aspects of the VF 
and arytenoids as indicated on Figure 3.9 D. The arytenoids were asymmetrical on the 
right side both in enlarged shape and compression past midline Figure 3.9 C indicative of 
supraglottic hyperfunction, however no involvement was seen in the ventricular folds. 
The mucosal wave was present, but slightly reduced on the horizontal plane and 
moderately reduced along the vertical plane. Stiffness noted in the right VF causing 
reduction in amplitude on the right and irregularity in the timing of the phase pattern 
(Figure 1.5 D) leading to aperiodic vocal fold vibrations in both phase and amplitude 






















Figure 3.10 Non-singer female participant age 23 
Top: adducted views; Bottom: abducted views 
 
In Figure 3.10 female participant age 23 displayed VFs that were normal in color, 
appearance, and margins (Figure 3.10 C and D). The right arytenoid compression was 
slightly asymmetrical and past midline indicated by an arrow in Figure 3.10 A. There was 
ventricular fold compression noted in high range and staccato vocal tasks, indicating 
supraglottic hyperfunction. The VF closure pattern throughout examination were that of 
posterior chink (Figure 3.10 A and B) which is within normal limits of VF closure 
patterns. The mucosal wave was slightly decreased along the vertical plane during most 
vocal tasks and diminished further during high range tasks. The phase pattern was 
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slightly irregular in the high range and glissandi tasks, however was mostly regular in 
low range. There was a very slight reduction and asymmetry in amplitude in the left VF 
(similar to Figure 1.5 D). Aperiodicity in timing noted during most vocal tasks (similar to 




Figure 3.11 Non-singer male participant age 26 
Top left: abducted view; top right: adducted view; bottom: adducted views 
 
In Figure 3.11 male participant age 26 had VF normal in color and appearance. 
The arytenoids appeared to be asymmetrical in shape with the left arytenoid being 
enlarged.  There was posterior to anterior compression in the arytenoids, indicative of 
supraglottic hyperfunction. There was a full ventricular fold compression also noted 
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during vocal tasks. The VF closure pattern was a small posterior chink (Figure 3.11 B) 
throughout all vocal tasks, however an incomplete closure pattern was seen during 
falsetto vocal tasks (Figure 3.11 D). Both of these VF closure patterns are within normal 
limits. The mucosal wave was present, however was reduced at the posterior aspects 
where the chink is located and during falsetto vocal tasks. The amplitude and phase were 
regular (Figure 1.5 A), except minimal irregularity seen in both amplitude and phase 





Figure 3.12 Non-singer female participant age 34 
Top: adducted views; bottom: abducted view 
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In Figure 3.12 female participant age 34 VFs were normal in color and 
appearance. There was asymmetry seen in the right arytenoid with compression past 
midline (arrow in Figure 3.12 A) and right ventricular fold compression during staccato 
and glissandi tasks, indicating some supraglottic hyperfunction. The VF closure pattern 
was within normal limits presenting with a posterior chink pattern (Figure 3.12 B) during 
modal register and an incomplete closure in high range tasks (Figure 3.12 A). The 
mucosal wave was present during modal tasks, however there was a reduction in the 
mucosal wave in high range vocal tasks and in the area of posterior chink. There was a 
reduced amplitude observed during high range vocal tasks in the left VF and the VF were 
out of phase in timing (Figure 1.5 D). There was more regularity in phase observed 
during modal register vocal tasks. However, overall the VF vibrations were irregular and 
aperiodic in both phase and amplitude (Figure 1.6 D). 
 
Aerodynamic and Acoustic Vocal Parameters 
The investigation collected acoustic and aerodynamic data of the participant’s 
speaking fundamental frequency, an average or mean of singing frequencies, the 
minimum and maximum of the participant’s singing range indicating vocal range and 
type, shimmer, jitter, and MPT. This data was compared to the normal values and ranges 
based on these measures. The normal range of fundamental frequency (F0) for adult 
males is between 85 to180 Hz and adult females is 165 to 255 Hz. The minimum and 
maximum singing ranges vary greatly based on voice types and style of music and many 
singers can extend into lower or higher pitches based on their individual range and 
training. However, the common vocal ranges based on voice types according to The New 
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Harvard Dictionary of Music is as follows: soprano C4 to A5 or 261 to 880 Hz; mezzo-
soprano A3 to F5 or 220 to 698 Hz; contralto/alto F3 to D5 or 174 to 587 Hz; tenor B2 to 
G4 or 123 to 392 Hz; baritone G2 to E4 or 98 to 329 Hz; and bass E2 to C4 or 82 to 262 
Hz. The typical values for shimmer is less than 1 dB and jitter is less than 1%. Values 
greater than a shimmer of 1 dB and a jitter of 1% could be indicative of VF pathology. 
The normal range of maximum phonation time (MPT) for adults with no vocal fold 
pathology is 25 to 35 seconds for males and 15 to 25 for females.  
Table 3.1 presents the averages of the vocal parameters and data collected for all 
the participants. This table condenses all the data collected from all thirteen vocal tasks 
demonstrated by the participant (see Appendix A for vocal tasks) and averages them for 
each vocal parameter assessed. The values for each separate vocal task and participant is 
included in Appendix E for reference. The F0 in Hertz (Hz) was the average of speaking 
fundamental frequency in comparison to the mean in Hz value which was the average 
frequency during singing tasks. The minimum frequency in Hz and maximum frequency 
in Hz sung during evaluation was collected and averaged across vocal tasks. The 
shimmer and jitter values were averaged across all vocal tasks. The MPT was averaged 

















in dB  





306.4 323.5 99.3 651.3 0.497 0.590 10.42  
Male 26 122.9 226.3 71.8 578.6 0.478 0.508 26.36 
Female 
34 




261.1 417.0 90.1 810.9 0.330 0.236 18.17 
Male 29 98.5 198.4 75.5 463.2 0.419 0.316 22.12 
Male 34 145.2 272.2 81.8 681.0 0.641 0.563 19.19 
Musical Theatre participants 
Female 
21 
277.3 433.1 94.4 858.6 0.303 0.225 13.6 
Male 26 134.8 224.9 91.9 440.2 0.556 0.373 24.88 
Female 
36 
217.6 425.3 126.4 1145.1 0.399 0.348 12.05 
Classical/Opera participants 
Male 25 109.8 191.0 85.7 409.7 0.650 0.436 11.08 
Female 
26 
223.1 537.0 83.7 1182.7 0.385 0.274 21.51 
Male 28 208.7 347.8 112.7 870.2 0.601 0.465 15.62 
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Classical/Opera Singers  
 
Graph 3.2 Classical/Opera Spectrographs 
Top (left to right): Male, age 25; Female, age 26; Bottom: Male, age 28 
 
 
The speaking fundamental frequency (F0) was typical or just above the normal 
range for all classical participants. The vocal range data collected for every participant 
was within their stated voice classification range. The male participant age 25 classified 
as a baritone and his evaluated range was between a minimum of 86 to a maximum of 
410 Hz compared to the norm of 98 to 329 Hz for that voice type. The female participant 
age 26 is a full lyric soprano and her range is between 84 to1183 Hz compared to the 
typical range of 261 to 880 Hz. The minimum value of 84 Hz is within the vocal fry 
registration and this could be a concern if the participant habitually sings in this register. 
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Vocal fry can lead to vocal fatigue and VF pathology with extended use. The male 
participant age 28 is a male alto and tenor and his range was between 113 to 870 Hz 
compared to the contralto typical range of 174 to 587 Hz and tenor range of 123 to 392 
Hz. The MPT was typical for the adult female participant, however was below average 
for both male participants. This could be a concern for aerodynamic inefficiency and 
could indicate VF pathology or phonotrauma in the participants.   
 
Musical Theatre Singers 
 
Graph 3.3 Musical Theatre Spectrographs 
Top (left to right): Female, age 21; Male, age 26; Bottom: Female, age 36 
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The speaking fundamental frequency (F0) was within the normal range for the 
male age 26 and female age 36 participant. The vocal range data collected for every 
participant was within their stated voice classification range. The female participant age 
21 identifies as a mezzo-soprano and belter with a vocal range of 94 to 859 Hz. This 
range is normal compared to the typical range for mezzo-soprano of 220 to 698 Hz. The 
minimum value is a concern since that range is typical of vocal fry for female voices and 
could lead to VF pathology and phonotrauma. The male participant age 26 is a baritone 
with a vocal range of 92 to 440 Hz and is normal when compared to the normal range of 
a baritone. The female participant age 36 stated she is a full lyric soprano and belter with 
a vocal range of 126 to 1145 Hz compared to the typical soprano range of 261 to 880 Hz. 
Her range is lower than average, however she reports having a low extension into the 
contralto range and when compared to the lower average of 174 Hz for a contralto voice 
the deviation below that is not as drastic. Additionally, this minimum value was not a 
concern when compared to her speaking fundamental frequency of 218 Hz, which does 
not fall into vocal fry registration. All participants’ values were under 1 dB for shimmer 
and 1% for jitter indicating normal values. The MPT was typical for the male participant, 
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Pop/Rock Singers 
 
Graph 3.4 Pop/Rock Spectrographs 
Top (left to right): Female, age 21; Male, age 29; Bottom: Male, age 34 
 
The speaking fundamental frequency (F0) was typical or just above the normal 
range for all participants. The vocal range data collected for every participant was within 
their stated voice classification range. The female participant age 21 identifies as a 
mezzo-soprano and her range is 90 to 811 Hz which is typical compared to the norms for 
that voice type. However, the minimum value could be a concern for vocal fry 
registration. The male participant age 29 identifies as a baritone with a vocal range is 76 
to 463 Hz which falls within the normal range for this voice classification. The male 
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participant age 34 identifies as a tenor with a vocal range is 82 to 681 Hz. This maximum 
value extends above the norm for tenor being 392 Hz, however the participant 
demonstrated a higher extension into a falsetto registration during evaluation. All 
participants’ values were under 1dB for shimmer and 1% for jitter. The MPT was typical 
for the adult female participant, however was minimally below average for both male 




Graph 3.5 Non-singer spectrographs 
Top (left to right): Female, age 23; Male, age 26; Bottom: Female, age 34 
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The speaking fundamental frequency (F0) was typical for the male participant age 
26 and above the normal range for both female participants. This deviation with the 
female participants is only a concern if speaking for extended time periods in this range 
cause vocal fatigue or hoarse vocal quality. Each of these participants are non-singers so 
their minimum and maximum vocal range could indicate their natural singing range, 
however without singing experience these values cannot be conclusive to classify their 
voice type. The female participant age 23 had a vocal range of 99 to 651 Hz, which falls 
mostly within an alto range of 174 to 698 Hz.  The male participant age 26 had a vocal 
range of 72 to 579 Hz, which falls within a tenor range of 123 to 523 Hz. The female 
participant age 34 had a vocal range of 73 to 536 Hz, which falls within the male tenor 
vocal range of 123 to 523 Hz. The minimum value may be a concern for vocal fry for 
both female participants if they habitually spoke or sang in that vocal fry register for 
extended periods of time. However, when compared to their values for speaking F0 they 
both speak above the typical F0 for women so vocal fry does not seem a concern at this 
time. All participants’ values were under 1 dB for shimmer and 1% for jitter. The MPT 
was typical for the female participant age 34 and male participant age 26, however was 
slightly below average for female participant age 23.  
 
Perceptual Self-Assessment of Voice 
Classical/Opera Participants 
 
The classical/opera participants have had experience with vocal training and/or 
performing between 4 to 25 years. They all sing mainly in the classical genre, but do sing 
musical theatre, jazz, and gospel. Their past medical history indicates asthma and slight 
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gastroesophageal reflux disease (GERD), however it was indicated that each individual 
take precautions to limit or eliminate their symptoms. The vocal practices of each singer 
was reported as being very conscientious of vocal health and hygiene. Each reported 
avoiding activities that may negatively impact their voices, including avoiding being 
around smoke, limiting alcohol consumption, and limiting vocal activities in which they 
have to over-exert their voices. Their vocal activities range in hours daily between 8 and 
12 hours including both talking and singing. Their singing and performing ranged 
between 20 to 40 hours per week. Each reports singing without amplification the majority 
of time and sing with a variety of accompaniment including piano, orchestra, band. They 
sing in a variety of setting including recital halls, theatres, and churches.  
 
Musical Theatre Participants 
The musical theatre participants have had experience with vocal training and/or 
performing between 3 to 26 years. They all sing mainly in the musical theatre genre, but 
do sing classical, jazz, folk, and choral. Their pertinent past medical history includes 
tonsillectomy and the female participant age 36 had a prior VF surgery to remove 
bilateral vocal nodules and a unilateral polyp caused by GERD. However, she reports 
post-surgery after modifying her diet no further VF pathology or GERD symptoms. 
Generally speaking, the vocal hygiene habits were between fair and good. Each reported 
usually avoiding activities that may negatively impact their voices, including avoiding 
being around smoke, limiting alcohol consumption, and limiting vocal activities in which 
they have to over-exert their voices. There were some reports of occasional whispering, 
cheering, and speaking in noisy settings often that could be a concern for phonotrauma. 
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The male participant did report being a former moderate smoker and occasionally 
smoking marijuana, this may contribute to phonotrauma, vascularity, and edema seen 
during stroboscopic exam. Their vocal activities range in hours daily between 6 and 12 
hours including both talking and singing. Their singing and performing ranged between 
10 to 20 hours per week. Each reports singing without and with the amplification of a 
microphone. They all sing with a variety of accompaniment including piano, orchestra, 
band. They sing in a variety of setting including recital halls, theatres, coffee houses, 
restaurants, and churches.  
 
Pop/Rock Participants 
The pop/rock participants have had experience with vocal training and/or 
performing between 3 to 17 years. They all reports singing primarily in the pop or rock 
genre. Their past medical history indicates asthma, however it was indicated that 
precautions are taken to limit symptoms. Their vocal hygiene habits are fair. They could 
improve their habits with increasing water intake, decreasing caffeine, limiting alcohol 
consumption, and limiting vocal activities in which they over-exert their voices. They did 
report occasional whispering, yelling/cheering, and speaking in noisy settings often and 
that could be a concern for phonotrauma. One participant reported daily alcohol 
consumption and occasionally smoking marijuana, this may contribute to phonotrauma, 
vascularity, and edema seen during stroboscopic exam. Their vocal activities range in 
hours daily between 6 to 12 hours including both talking and singing. Their singing and 
performing ranged between 10 to 25 hours per week. Each reports singing with 
microphone amplification the majority of time and sing with a variety of accompaniment 
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including piano, guitar, and band. They sing in a variety of setting including bars, 
restaurants, and small concert venues. 
 
Non-singer participants 
The vocal practices of each non-singer participant was reported as being very 
conscientious of vocal health and hygiene. Their past medical history includes a 
tonsillectomy, migraines, and GERD, however it was indicated that each individual take 
precautions or medication to limit or eliminate their symptoms. Each reported avoiding 
activities that may negatively impact their voices, including avoiding being around 
smoke, limiting alcohol consumption, and limiting vocal activities in which they have to 





























The classical/opera participants reported good vocal hygiene habits, however each 
of them reports 8 to 12 hours of vocal activities each day. This includes between 20 to 40 
hours per week of singing overall. This extended amount of vocal use could contribute to 
the mild severity of phonotrauma observed through stroboscopy. Each participant in this 
group were within normal limits for F0, singing range compared to voice types, 
shimmer/jitter values, and MPT. Singing ranges were typical for the reported vocal type 
of classification (i.e., soprano, baritone, alto, etc). Each extended slightly higher and 
lower than the common ranges (approximately 2 octaves of range) for their type, however 
it is expected for the professional opera singer to have a larger range than 2 octaves even 
extending to 3 octaves or more. The only concern was the female participant’s minimum 
pitch being within the vocal fry registration. If the participant spoke or sang habitually in 
vocal fry it could lead to vocal fatigue, phonotrauma, and possibly VF pathology.  
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The classical/opera participant closure patterns included incomplete, spindle, and 
hourglass glottal closure patterns. The incomplete closure is within normal VF closure 
patterns, however the spindle and hourglass patterns are generally considered abnormal. 
The VF color and appearance was generally considered normal, however some 
irregularity was noted. The mucosal wave was present for most vocal tasks, however 
reduction and irregularity was observed with specific tasks and in certain aspects of the 
individuals’ VF. All three experienced supraglottic hyperfunction in some vocal tasks, 
more so in the male participants with the addition of ventricular fold involvement. All 
three showed variance in irregularity in phase and slight aperiodicity in just timing or in 
both timing and amplitude. The male participant age 25 had a regular amplitude, however 
there was reduction in amplitude seen in the other participants.  
 The musical theatre participants have good vocal hygiene habits except for the 
male participant that exhibits some concerning vocal behaviors. Each of them reports 8 to 
10 hours of vocal activities each day and their singing totaling between 10 and 20 hours 
weekly. Past medical history of GERD and fair vocal hygiene habits cannot be ruled out 
as the cause of phonotrauma and vascularity. Each participant in this group were mostly 
within normal limits for F0, singing range compared to voice types, shimmer/jitter 
values, and MPT. Their singing ranges were typical for the vocal types of classification 
(i.e., soprano, baritone, alto, etc). Each extended slightly higher and lower than the 
common ranges (approximately 2 octaves of range) for their type, however it is expected 
for the professional singer to have a larger range than 2 octaves. The only concern was 
the female minimum pitch being within the vocal fry range. If the participant continued 
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speaking or singing habitually in that range vocal fry could lead to vocal fatigue, loss, 
and phonotrauma.  
The musical theatre participant closure patterns included hourglass, posterior 
chink, and incomplete glottal closure patterns. The VF closure patterns of posterior chink 
and incomplete are generally considered within normal limits, however the hourglass 
pattern is abnormal and indicative of VF pathology. There was evidence of phonotrauma 
with a severity of mild-moderate was noted in the posterior aspects of the VFs in the male 
participant and possible bilateral vocal nodules observed in one female participant 
(Figure 3.4). The mucosal wave was diminished or irregular for all participants. All three 
experienced supraglottic hyperfunction in some vocal tasks without ventricular fold 
involvement. All three showed irregularity in phase, reduction in amplitude, and 
aperiodicity in both phase and amplitude.  
The pop/rock participants reported good vocal hygiene habits with slightly low 
water intake, but otherwise unremarkable. Male participant age 29 shows fair vocal 
hygiene habits. Each of them reports approximately 10 hours of vocal activities each day 
and includes singing for extended periods of time daily and over the span of the week 
ranging between 10 to 25 hours overall. Phonotrauma may be caused by singing over a 
noisy bar or venue at concert venues and the need for amplification over other amplified 
instrumentation including piano, electric guitars, and drums. Each participant in this 
group were within normal limits for F0, singing range compared to voice types, 
shimmer/jitter values, and MPT. Their singing ranges were typical for the vocal types of 
classification (i.e., soprano, baritone, alto, etc.) though classification of vocal type is less 
common in the pop/rock genre. Each extended slightly higher and lower than the 
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common ranges (approximately 2 octaves of range) for their type, however it is expected 
for the professional singer to have a larger range than 2 octaves. The only concern was 
the female minimum pitch being within the vocal fry range. If the participant continued 
speaking or singing habitually in that range, vocal fry could lead to vocal fatigue, loss, 
and phonotrauma. 
The VF closure patterns for pop/rock participants included hourglass, anterior 
chink, posterior chink, and incomplete patterns. The hourglass and anterior chink closure 
patterns were abnormal and could indicate VF pathology. There was evidence of mild- 
moderate severity of phonotrauma was seen in the posterior aspects of the VFs noted in 
the female and male participants and possible bilateral vocal nodules observed in one 
male participant age 29 (Figure 3.8). The mucosal wave varied between individuals from 
being present in low, slight reduction in the posterior aspects, and moderate reduction 
was observed with specific tasks and in certain aspects of the individuals’ VF. All three 
experienced supraglottic hyperfunction in some vocal tasks, only one had ventricular fold 
involvement. All three showed irregularity in phase, regular to reduced amplitude, and 
aperiodicity in timing or both amplitude and phase.  
The non-singer participants have good vocal hygiene habits. Each of them reports 
approximately 10 hours of vocal activities each day. Female age 34 reports past medical 
history of GERD which contributes to vocal difficulties, but otherwise the habits and 
history of the non-singers were unremarkable. Each participant in this group were within 
normal limits for F0, singing range compared to voice types, shimmer/jitter values, and 
MPT. The only concern was the female minimum pitch being within the vocal fry 
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register. If the participant continued speaking or singing habitually in that range vocal fry 
could lead to vocal fatigue, phonotrauma, or VF pathology. 
Results show that the non-singer participant closure patterns were within normal 
limits and included the posterior chink pattern during modal vocal tasks and incomplete 
glottal closure patterns in falsetto tasks.  Phonotrauma was not observed and vascularity 
was very minimal. All participants VF were normal in appearance and color. The 
mucosal wave was reduced with high range/falsetto tasks and at the point of the posterior 
gap. All three experienced supraglottic hyperfunction in some vocal tasks and ventricular 
fold involvement. All three participants showed minimal to severe irregularity in phase 
and varied from regular to reduced amplitude. Periodicity observed varied between 
individuals with periodic, aperiodic in timing, and aperiodic in both phase and amplitude.  
 In comparison, the non-singers VF appearance and color was the most regular and 
healthy when compared to all other groups. The classical/opera participants were 
relatively normal in VF appearance and color, however they did show some slight 
evidence of phonotrauma (minimal to mild severity) when compared to the non-singers. 
The musical theatre participants VF varied in appearance with more prevalence of 
discoloration and irregularity when compared to the non-singers and classical/opera. 
They also displayed more phonotrauma when compared to the classical/opera participant, 
however less phonotrauma when compared to the pop/rock group. Possible VF pathology 
was observed in two participants, one in the musical theatre group and one in the 
pop/rock group respectively. The perceptual evaluation completed by each participant 
aligned well with the stroboscopic findings for the most part. The only abnormality found 
in perceptual self-assessment was the phonotrauma findings for the classical/opera 
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singers. They reported the most extended time singing, however they did not experience 
the severity of phonotrauma that one might expect with the amount of time they use their 
voice and the intensity required to project their voice without electronic amplification. 
This may be due to more vocal training and better vocal hygiene and health. The 
classical/opera participants showed the most attention and were the most conscientious 
about good vocal habits when compared to the other groups. 
In summary, none of the participants involved displayed complete closure 
patterns. The most consistently normal VF closure patterns were that of non-singers and 
classical/opera participants. Though there was not complete VF closure patterns in these 
groups, the incomplete pattern observed occurred while phonating in a vocal range 
common for that pattern. The posterior chink pattern was also observed and is considered 
normal. The least consistency and abnormality in VF closure patterns in comparison was 
that of the pop/rock group. During evaluation, the abnormal patterns of VF closure in the 
pop/rock singers included hourglass and anterior chink. These abnormalities of VF 
closure are indicative of phonotrauma and possible VF pathology. Even if VF pathology 
is not evident at this point it may be a consideration in the future if not monitored. Due to 
the vocal style of belting and use of falsetto in the pop/rock genre in addition to 
competing with amplified instrumentation they may be recruiting other laryngeal 
musculature while they are performing to achieve phonation. Generally speaking, they 
reported the least amount of vocal training and poor to fair vocal health and hygiene 
habits. This may contribute to this recruitment of musculature at the laryngeal level and 
inefficiency with the respiratory system due to lack of training. Most classical vocal 
training focuses on a diaphragmatic breath and an open, relaxed throat. This open throat 
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model emphasizes keeping the pharyngeal muscles from compressing thus keeping these 
muscles from contributing to their phonation. As professional voice users and singers in 
general it is important to consider the athletic qualities needed as a professional singer 
when using laryngeal musculature for projection and over extended periods of time. 
Without this training the body often compensates for the environment and tasks put upon 
it which often leads to tension and strain. The recruitment of both pharyngeal and 
laryngeal musculature to achieve phonation in these conditions puts more strain on the 
musculature. This strain provides more harm to the laryngeal structures which can lead to 
phonotrauma. If this recruitment becomes habitual and phonotrauma is not remedied this 
may lead to VF pathology. These findings may indicate the need of better vocal training 
and education in vocal health and hygiene for pop/rock singers.  
   
Limitations and Future Research 
A limitation experienced in this study was use of the rigid endoscope, in which 
many of the participants experienced an active gag reflex in its use. One of the 
participants was unable to complete the stroboscopic examination even after use of 
lidocaine spray due to the severity of gag reflex and she had to be excluded from the 
study. Often the oral structures such as the base of the tongue and the uvula impeded the 
stroboscopic examination by triggering the gag reflex or by obscuring the visual field. 
The use of the flexible nasoscope would remedy these difficulties experienced.  The 
placement of the nasoscope would avoid the uvula obscuring the visual field.  The 
flexible nasoscope would also to allow singers to use a variety of vowels and consonants 
as well as singing full vocal selections. This study limited the phonation to vowels of 
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“ah” and “ee” because of the rigid intraoral scope. Even the use of the “ah” obscured 
many of the stroboscopic examination visual fields if the participant was unable to keep 
their tongue in a lowered position. By approaching through the nasal cavity participants 
are able to sing and speak normally unlike the intraoral rigid scope. The use of the 
nasoscope would lend itself to more ease and comfort in stroboscopic examination for the 
participant, but also more reliable data would be retrieved in observing the VFs singing 
full song passages creating the atmosphere more similar to an actual vocal performance.   
 During this study, the investigator attempted to recruit a minimum of three jazz 
singers, however was unable to recruit the minimum participants due to scheduling 
difficulties. The jazz genre was cut from this current study. In future studies, it would be 
recommended to research more genres including jazz. The sampling of a larger age range 
and additional participants is also recommended for inclusion in future studies as well. 
This would allow for the findings to be generalized in the future. This current study 
included participants of Caucasian and African-American ethnicities, however more 
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Instructions from the investigator to the participant for measuring MPT: 
You are going to position yourself and your mouth approximately twelve inches from the 
laptop computer’s built-in microphone. Take a breath and say ‘ah’ for as long as you can. 
You are going to complete this task a total of three times while being timed each trial. 
You will have time to rest in between each trial.  
 
Instructions from the investigator to the participant for use of the Praat™: 
You are going to position yourself and your mouth approximately twelve inches from the 
laptop computer’s built-in microphone. When instructed to begin, you will follow the 
vocal task script on the following page. 
 
Instructions from the investigator to the participant for videostroboscopy: 
A light topical numbing spray will be sprayed into the back of your mouth. We will wait 
approximately ten minutes for it to take effect before beginning with the scope. Relax and 
stick your tongue out, the investigator will hold your tongue still with sterile gauze. The 
investigator will slide the scope back in your mouth along the base of your tongue. Once 
the camera is where it is needed, you will be asked to follow the vocal task script on the 
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VOCAL TASKS  
1. You will sing in your middle vocal range/mixed voice on “ah” until motioned 
to stop. It will only be for a couple of seconds. You will repeat this step on an 
“ee” vowel next. 
2. You will sing in your low vocal range/chest voice on “ah” until motioned to 
stop. It will only be for a couple of seconds. You will repeat this step on an “ee” 
vowel next. 
3. You will sing in your high vocal range/head voice on “ah” until motioned to 
stop. It will only be for a couple of seconds. You will repeat this step on an “ee” 
vowel next. 
4. You will sing “ah” three consecutive quick notes and then repeated on the “ee” 
vowel. For example, “ah-ah-ah” and “ee-ee-ee”. Each repetition should be no 
longer than one second apiece.  
5. You will sing “ah” from low to high in your vocal range, then sing “ah” from 
high to low in your vocal range. Repeat steps with “ee” vowel. Each glissando 
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APPENDIX B 
 
Patterns of Vocal Fold Closure in Professional Singers of Differing Genres 
Informed Consent Form 
Dear Participant: 
We are Dr. Violet Cox and Carie Volkar, faculty member and graduate student, 
respectively, in the Department of Speech and Hearing at Cleveland State University. We 
would like you to participate in a research study. This study is about vocal fold function 
in professional singers of varying genres. We will look at vocal folds during production 
of a vowel sound. We will use a tiny camera and light source placed over your tongue. 
We hold that this study will help to contribute to knowledge of vocal fold function in 
singers. 
The data collected will be confidential. Your name and other identifying information will 
not be linked with the data collected. Every effort will be exerted to maintain privacy. 
Results of this study will not be traced back to you. 
You will be tested at the Cleveland State University Voice and Swallowing lab located in 
CIM 211. We will provide you with directions to the University. Participation in this 
study is voluntary. You may withdraw at any time. There is no reward for participating, 
or consequence for not participating. This study will take about 60 minutes to complete. 
This standard procedure is minimally invasive and will be conducted by a licensed 
medical speech-language pathologist trained in the usage of the equipment.  
Outside of risks associated with those of daily living, there is a very slight possibility that 
you may experience gagging during the oral examination. To reduce this gag a light 
numbing spray may be applied to the back of your throat. If you are allergic to Novocain 
routinely used by your dentist then this spray will not be used. Other minimal risks 
include: throat numbness due to lidocaine usage, pre-existing conditions affecting the 
study (respiratory, oral, throat), shortness of breath. If a participant experiences any of 
these risk factors upon evaluation post procedure, medical attention will be sought 
immediately. When filling out the questionnaire please list any medical conditions which 
may affect your involvement in this study.  
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For further information regarding this research please contact Dr. Violet Cox at (216) 
687-6909, email: v.cox@csuohio.edu. 
If you have any questions about your rights as a research participant you may contact the 
Cleveland State University Institutional Review Board at (216) 687-3630. 
There are two copies of this letter. After signing them, keep one copy for your records 
and return the other copy to me. I thank you in advance for your cooperation and support. 
Please indicate your agreement to participate by signing below. 
“I am 18 years or older and have read and understood this consent form and agree to 
participate.” 
 
_________________________________________   __________________ 
Signature        Date 
 
_________________________________________ 
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APPENDIX C 
 




GENDER:   Male   Female   
 
Answer all questions that follow: 
1. Have you ever been given Novocain by your dentist? Yes     No  
2. Are you allergic to Novocain?   Yes    No  
3. Are you a smoker? Yes    No  
4. Do you have a history of any chronic respiratory illness?  Yes   No  






6. Are you on oxygen?  Yes    No If yes, state how many liters. 
________________________ 
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APPENDIX D 
 
VOCAL EVALUATION FORM 
ID number: ____________________________________________________________________ 
Age:__________________________________________________________________________ 
Gender:_______________________________________________________________________ 
Date of exam: __________________________________________________________________ 
 





Allergy to Novocain: [  ] Yes [  ] No  
Educational history:  _____________________________________________________________ 
Occupation:____________________________________________________________________ 
Gag reflex sensitivity: [  ] Yes [  ] No 
 
SELF-ASSESSMENT OF VOICE 
 
Vocal Hygiene:  
 
Daily water intake: [  ] <2 glasses (16 oz.); [  ] 3-4 glasses (17-32 oz); [  ] 5-7 glasses (33-56 oz);                    
[  ] 8 or more glasses (>57 oz)   
Daily caffeine intake (coffee, tea, colas, others): _____________________________  
Daily alcohol servings: [  ] 0; [  ] 1; [  ] 2; [  ] 3; [  ] >3; Other____________________  
Smoking and drug history   
[  ] Nonsmoker; [  ] Current smoker; [  ] Former smoker; [  ] Drug use    
[  ] Reflux history:  [  ] Yes [  ] No    
Diagnosis:  [  ] Gastroesophageal reflux disease; [  ] Laryngopharyngeal reflux;  
[  ] Other: _____________     
Symptoms: ___________________   Frequency of symptoms: __________________              
Management (check all that apply):      
[  ] Behavioral: ____________________________________     
[  ] Medication: ___________________________________        
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Temperature changes  
 
Vocal Activities (describe all that apply)       Hours per day/comments    
 
Telephone without headset    
Telephone with headset  
Telephone with speakerphone  
Talking: one on one conversation   
Talking in noisy settings  
Talking to groups  
Yelling or cheering  
Whispering  
Imitating others  
Throat Clearing  
Coughing  




VOCALIST SECTION: (only if applicable) 
 
Vocal Performer: [  ] Yes [  ] No                 Comments 
Vocal training type                          
# of years of training  
# of years performing  
Singing range  
Voice classification (soprano, bass, etc.)  
Style(s) of music performed  
Type of accompaniment  
Type of amplification used when performing  
Performance venues  
Warm up/Cool down regimen  
Amount of practice per week  
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APPENDIX E 
 
Praat™ ACOUSTIC PARTICIPANT DATA 
Non-Singer: Female 23 
MPT Mean in Hz Maximum 





Jitter % Timing in 
seconds 
1st 312.155 318.769 294.932 0.193 dB 0.211 10.98 
2nd 305.535 327.485 134.824 0.206 dB 0.313 11.28 
3rd 301.470 431.133 166.132 0.283 dB 0.628 9.00 
Average 306.387 359.129 198.629 0.227 dB 0.384 10.42 
 
Non-Singer: Female 23 
Praat vocal 
tasks 
Mean in Hz Max in Hz Min in Hz Shimmer in dB Jitter % 
Mid ah 268.165 281.918 237.913 0.312 dB 0.268% 
Mid ee 267.993 274.250 222.069 0.382 dB 0.226% 
Low ah 182.345 188.648 174.989 0.276 dB 0.233% 
Low ee 184.875 203.129 174.459 0.521 dB 0.529% 
High ah 579.329 596.907 470.833 0.483 dB 0.558% 
High ee 582.028 603.138 505.843 0.215 dB 0.273% 
Staccato ah 395.840 430.476 335.764 0.871 dB 1.929% 
Staccato ee 399.774 1612.841 323.222 0.847 dB 1.175% 
Low-high ah 301.816 620.222 174.023 1.136 dB 0.632% 
High-low ah 186.278 239.139 135.351 0.576 dB 0.563% 
Low-high ee 333.714 651.293 99.274 0.690 dB 0.942% 
High-low ee 199.555 261.475 136.091 0.515 dB 0.377% 
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Non-Singer: Female 34 






Jitter % Timing in 
seconds 
1st 279.194 289.594 254.932 0.372 dB 0.218 17.28 
2nd 276.809 455.458 102.898 0.378 dB 0.441 24.01 
3rd 280.269 290.745 140.015 0.326 dB 0.245 16.51 
Average 278.757 345.266 165.948 0.359 dB 0.301 19.27 
 
Non-Singer: Female 34 
Praat vocal 
tasks 
Mean in Hz Maximum in Hz Minimum in Hz Shimmer in 
dB 
Jitter % 
Mid ah 255.625 260.617 250.369 0.567 dB 0.249% 
Mid ee 255.222 258.761 250.979 0.630 dB 0.433% 
Low ah 192.264 199.571 98.727 0.286 dB 0.212% 
Low ee 203.758 211.315 197.160 0.830 dB 0.820% 
High ah 511.363 535.357 458.527 0.436 dB 0.427% 
High ee 518.697 536.072 505.192 0.167 dB 0.260% 
Staccato ah 262.620 275.680 254.649 0.606 dB 0.326% 
Staccato ee 269.490 276.794 257.594 0.920 dB 0.474% 
High-low ah 266.574 417.231 72.697 0.975 dB 0.844% 
Low-high ah 320.025 422.527 169.422 0.839 dB 0.487% 
High-low ee 291.924 431.658 191.619 0.533 dB 0.579% 
Low-high ee 333.052 424.247 194.768 0.494 dB 0.528% 
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Non-Singer: Male 26 






Jitter % Timing in 
seconds 
1st 120.221 122.648 98.375 0.409 dB 0.279% 25.83 
2nd 121.231 127.177 110.961 0.420 dB 0.357% 25.6 
3rd 127.120 136.218 112.138 0.414 dB 0.376% 27.66 
Average 122.857 128.681 107.158 0.414 dB 0.337% 26.36 
 
Non-Singer: Male 26 
Praat vocal 
tasks 
Mean in Hz Maximum in 
Hz 
Minimum in Hz Shimmer in 
dB 
Jitter % 
Mid ah 119.994 124.374 100.644 0.401 dB 0.428% 
Mid ee 150.567 152.050 148.416 0.363 dB 0.241% 
Low ah 103.627 108.856 98.144 0.513 dB 0.388% 
Low ee 111.605 113.200 110.235 0.291 dB 0.208% 
High ah 351.078 414.982 174.043 0.536 dB 0.525% 
High ee 456.583 488.843 435.221 0.271 dB 0.367% 
Staccato ah 120.243 124.366 107.535 0.540 dB 0.548% 
Staccato ee 157.297 166.965 125.767 0.654 dB 0.700% 
High-low ah 264.016 561.039 93.974 0.611 dB 0.747% 
Low-high ah 280.758 525.348 80.236 0.675 dB 0.894% 
High-low ee 320.762 578.637 71.760 0.477 dB 0.654% 
Low-high ee 278.846 489.646 98.389 0.595 dB 0.903% 
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Pop/Rock- Female 21 
MPT Mean in Hz Maximum 





Jitter % Timing in 
seconds 
1st 260.644 267.152 237.131 0.219 dB 0.147 17.33 
2nd 261.391 269.021 229.928 0.161 dB 0.162 18.74 
3rd 261.243 267.637 227.932 0.133 dB 0.103 18.45 
Average 261.093 267.937 231.664 0.171 dB 0.137 18.17 
 
Pop/Rock- Female 21 







Mid ah 296.182 301.438 288.137 0.343 dB 0.199% 
Mid ee 296.376 300.559 286.618 0.644 dB 0.132% 
Low ah 194.565 194.769 180.060 0.331 dB 0.246% 
Low ee 192.794 199.860 90.052 0.527 dB 0.351% 
High ah 495.679 509.020 470.837 0.168 dB 0.167% 
High ee 497.469 505.833 484.511 0.061 dB 0.112% 
Staccato ah 417.411 430.728 395.370 0.303 dB 0.194% 
Staccato ee 421.367 434.090 395.597 0.349 dB 0.356% 
High-low ah 550.905 810.875 272.403 0.403 dB 0.277% 
Low-high ah 523.631 796.700 179.567 0.464 dB 0.314% 
High-low ee 582.603 393.313 748.030 0.395 dB 0.433% 
Low-high ee 534.994 787.701 193.406 0.452 dB 0.352% 
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Pop/Rock- Male 29 
MPT Mean in Hz  Maximum 





Jitter % Timing in 
seconds 
1st 95.721 109.753 83.903 0.506 dB 0.303% 10.19 
2nd 99.379 110.863 80.201 0.353 dB 0.289% 27.55 
3rd 100.255 110.314 82.144 0.309 dB 0.236% 28.63 
Average 98.452 110.31 82.083 0.389 dB 0.276% 22.123 
 
Pop/Rock- Male 29 







Mid ah 191.481 228.264 185.971 0.271 dB 0.164% 
Mid ee 190.658 194.131 186.620 0.227 dB 0.205% 
Low ah 95.872 98.436 84.789 0.323 dB 0.298% 
Low ee 95.421 100.215 89.535 0.481 dB 0.329% 
High ah 280.704 334.132 271.751 0.269 dB 0.200% 
High ee 277.323 463.177 253.968 0.202 dB 0.234% 
Staccato ah 206.545 217.537 94.744 0.639 dB 0.473% 
Staccato ee 209.782 325.141 178.307 0.475 dB 0.657% 
High-low ah 206.643 422.852 75.497 0.612 dB 0.326% 
Low-high ah 196.209 341.066 79.293 0.630 dB 0.437% 
High-low ee 203.706 409.161 92.517 0.569 dB 0.312% 
Low-high ee 226.306 419.864 87.751 0.421 dB 0.282% 
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Pop/Rock- Male 34 
MPT Mean in Hz Maximum 





Jitter % Timing in 
seconds 
1st 142.837 146.719 130.407 0.407 dB 0.293% 19.81 
2nd 146.000 160.832 133.773 0.460 dB 0.354% 21.34 
3rd 146.776 149.976 117.226 0.368 dB 0.230% 16.43 
Average 145.204 152.509 127.135 0.412 dB 0.292% 19.19 
 
Pop/Rock- Male 34 







Mid ah 224.055 229.254 218.084 0.320 dB 0.223% 
Mid ee 228.396 238.347 220.843 0.421 dB 0.277% 
Low ah 125.464 128.385 123.447 0.403 dB 0.206% 
Low ee 129.288 134.515 126.952 0.376 dB 0.401% 
High ah 333.572 342.952 317.656 0.322 dB 0.218% 
High ee 339.568 346.937 331.635 0.487 dB 0.285% 
Staccato ah 217.292 250.467 194.782 1.414 dB 1.469% 
Staccato ee 372.305 2446.796 208.894 1.181 dB 1.171% 
High-low ah 285.998 681.004 81.889 1.134 dB 1.290% 
Low-high ah 321.037 673.631 81.831 1.100 dB 0.928% 
High-low ee 331.137 613.308 103.871 0.764 dB 0.739% 
Low-high ee 358.674 599.308 127.729 0.461 dB 0.364% 
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Musical Theatre- Female 21 
MPT Mean in Hz Maximum 





Jitter % Timing in 
seconds 
1st 279.166 289.903 260.181 0.304 dB 0.236% 12.10 
2nd 270.770 308.863 252.182 0.171 dB 0.152% 13.95 
3rd 281.962 311.255 128.393 0.257 dB 0.367% 14.74 
Average 277.299 303.34 213.585 0.244 dB 0.252% 13.6 
 
Musical Theatre- Female 21 







Mid ah 393.430 418.147 389.106 0.160 dB 0.180% 
Mid ee 395.291 401.061 369.385 0.161 dB 0.109% 
Low ah 236.735 253.713 218.880 0.301 dB 0.218% 
Low ee 237.085 251.244 220.842 0.653 dB 0.333% 
High ah 616.973 672.766 578.521 0.154 dB 0.125% 
High ee 620.310 651.911 590.360 0.109 dB 0.170% 
Staccato ah 391.101 425.175 379.206 0.501 dB 0.342% 
Staccato ee 396.214 418.998 381.637 0.516 dB 0.473% 
High-low ah 460.312 673.259 94.439 0.308 dB 0.157% 
Low-high ah 461.866 830.189 183.904 0.443 dB 0.236% 
High-low ee 507.344 677.733 251.116 0.187 dB 0.102% 
Low-high ee 480.699 858.636 193.616 0.322 dB 0.176% 
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Musical Theatre- Female 36 






Jitter % Timing in 
seconds 
1st 219.476 230.267 201.985 0.369 dB 0.262% 10.13 
2nd 218.383 229.875 191.726 0.418 dB 0.258% 12.24 
3rd 214.954 227.110 95.374 0.401 dB 0.273% 13.77 
Average 217.604 229.084 163.028 0.396 dB 0.265% 12.05 
 
Musical Theatre- Female 36 







Mid ah 310.057 318.825 303.174 0.316 dB 0.165% 
Mid ee 312.746 320.193 308.223 0.250 dB 0.117% 
Low ah 153.096 156.736 149.580 0.313 dB 0.184% 
Low ee 155.258 158.148 150.898 0.223 dB 0.147% 
High ah 747.344 785.437 699.179 0.199 dB 0.291% 
High ee 764.293 815.426 704.293 0.260 dB 0.588% 
Staccato ah 334.804 361.291 315.608 0.685 dB 0.441% 
Staccato ee 335.602 352.014 309.558 0.501 dB 0.467% 
High-low ah 488.190  1145.062 133.350 0.796 dB 0.734% 
Low-high ah 428.504 799.993 126.390 0.472 dB 0.342% 
High-low ee 577.102 1081.434 138.995 0.406 dB 0.633% 
Low-high ee 496.758 1069.031 130.696 0.376 dB 0.319% 
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Musical Theatre- Male 26 






Jitter % Timing in 
seconds 
1st 120.13 371.668 115.248 0.259 dB 0.191% 22.51 
2nd 134.71 155.27 125.487 0.336 dB 0.231% 28.20 
3rd 149.442 327.733 120.663 0.388 dB 0.305% 23.94 
Average 134.76 284.89 120.466 0.328 dB 0.242% 24.88 
 
Musical Theatre- Male 26 







Mid ah 204.340 209.538 197.305 0.240 dB 0.181% 
Mid ee 209.666 245.673 198.798 0.720 dB 0.456% 
Low ah 106.205 123.064 100.072 0.614 dB 0.425% 
Low ee 107.671 110.533 101.903 0.491 dB 0.353% 
High ah 323.697 362.550 318.699 0.275 dB 0.144% 
High ee 320.832 331.075 306.416 0.769 dB 0.296% 
Staccato ah 208.749 227.599 91.872 0.923 dB 0.902% 
Staccato ee 216.138 247.896 93.404 0.673 dB 0.684% 
High-low ah 233.981 416.632 101.887 0.680 dB 0.299% 
Low-high ah 261.648 413.619 98.534 0.644 dB 0.247% 
High-low ee 246.722 440.234 110.811 0.767 dB 0.489% 
Low-high ee 258.831 439.999 93.717 0.562 dB 0.390% 
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Classical/Opera- Male 25 








Jitter % Timing in 
seconds 
1st 110.194 114.012 106.652 0.803 dB 0.381% 10.41 
2nd 109.416 112.246 107.001 0.835 dB 0.395% 12.00 
3rd 109.729 114.493 107.496 0.609 dB 0.262% 10.84 
Average 109.78 113.584 107.05 0.749 dB 0.346% 11.08 
 












Mid ah 120.862 127.253 114.276 0.934 dB 0.678% 
Mid ee 122.091 127.840 114.924 0.850 dB 0.620% 
Low ah 92.152 95.993 87.924 1.093 dB 0.579% 
Low ee 91.219 95.313 88.734 0.631 dB 0.558% 
High ah 279.911 293.007 125.035 0.433 dB 0.161% 
High ee 283.149 293.150 267.220 0.555 dB 0.286% 
Staccato ah 206.775 231.444 170.029 0.755 dB 0.589%  
Staccato ee 207.609 239.101 189.787 1.081 dB 1.144% 
High-low ah 229.517 333.576 114.011 0.484 dB 0.189% 
Low-high ah 231.440 346.092 85.738 0.556 dB 0.274% 
High-low ee 207.599 406.328 125.741 0.560 dB 0.175% 
Low-high ee 219.816 409.648 97.848 0.537 dB 0.249% 
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Classical/Opera- Female 26 






Jitter % Timing in 
seconds 
1st 216.585 269.179 211.518 0.403 dB 0.319% 24.49 
2nd 225.352 256.569 220.637 0.383 dB 0.232% 19.78 
3rd 227.266 248.399 223.601 0.290 dB 0.179% 20.25 
Average 223.068 258.049 218.585 0.359 dB 0.243% 21.51 
 
Classical/Opera- Female 26 







Mid ah 213.430 219.214 208.734 0.288 dB 0.248% 
Mid ee 216.542 223.534 213.587 0.277 dB 0.411% 
Low ah 166.068 171.441 83.748 0.530 dB 0.472% 
Low ee 171.218 178.432 161.804 0.708 dB 0.906% 
High ah 926.962 947.765 904.536 0.407 dB 0.084% 
High ee 927.027 956.516 907.840 0.315 dB 0.090% 
Staccato ah 622.068 663.346 586.081 0.683 dB 0.398% 
Staccato ee 618.596 649.794 591.231 0.584 dB 0.294% 
High-low ah 509.665 884.094 174.652 0.255 dB 0.090% 
Low-high ah 694.785 1101.555 202.844 0.305 dB 0.143% 
High-low ee 695.175 1143.633  297.825  0.160 dB 0.111% 
Low-high ee 682.944  1182.701 188.158 0.181 dB 0.125% 







Classical/Opera- Male 28 






Jitter % Timing in 
seconds 
1st 215.253 240.080 211.702 0.222 dB 0.150% 15.70 
2nd 209.308 214.368 87.526 0.230 dB 0.145% 16.04 
3rd 201.396 209.574 87.394 0.335 dB 0.164% 15.13 
Average 208.652 221.341 128.874 0.262 db 0.153% 15.62 
Classical/Opera- Male 28 







Mid ah 230.800 233.031 227.569 0.296 dB 0.179% 
Mid ee 244.756 251.733 238.385 0.730 dB 0.178% 
Low ah 153.549 157.420 150.417 0.257 dB 0.187% 
Low ee 154.695 155.853 152.837 0.463 dB 0.177% 
High ah 469.438 485.324 459.330 0.218 dB 0.150% 
High ee 472.906 493.832 454.268 0.646 dB 0.497% 
Staccato ah 274.011 290.673 241.951 1.038 dB 0.835% 
Staccato ee 339.001 2973.762 135.572 1.010 dB 0.724% 
High-low ah 450.080 815.042  156.936 1.007 dB 0.725% 
Low-high ah 396.835 803.525 138.097 1.010 dB 0.620% 
High-low ee 406.741 806.591 112.681 0.797 dB 0.805% 
Low-high ee 580.387 870.174 261.268 0.752 dB 1.444% 
347.767 870.174 112.681 0.601 dB 0.465 
